Abstract Ectomesenchymal chondromyxoid tumors (ECT) are rare, benign, intraoral mesenchymal soft tissue tumors that can be diagnostically challenging. In this study the demographic, clinical, histopathologic, and immunohistochemical features of seven ECTs are examined. The differential diagnosis of this rare neoplasm is discussed and the literature is reviewed.
Introduction
Ectomesenchymal chondromyxoid tumors (ECTs) are rare, benign, intraoral mesenchymal soft tissue neoplasms. The entity was first described in 1995 by Smith et al. [1] . They described 19 tumors, all located on the anterior dorsal surface of the tongue. Despite the original description of ECT, the clinical, histopathologic and immunohistochemical features of this tumor have not been thoroughly defined, as these are rare tumors, with only 48 ECTs reported in the English language literature. Some authors attribute the low number of diagnosed cases to the possibility of confusion with other entities that may share some histopathological features, such as myoepithelioma, oral focal mucinosis, soft tissue myxoma, ossifying fibromyxoid tumor, chondroid choristoma, nerve sheath myxoma, pleomorphic adenoma, and mucocele [2, 3] .
ECT appears clinically as a slow-growing, painless, well-circumscribed mass almost exclusively seen on the dorsum of the tongue. Two ECT cases have been reported on the hard palate; one of them was not verified with immunohistochemical staining [4, 5] . Only two documented cases have been reported in posterior tongue. The World Health Organization (WHO) named the lesion ''ECT of the anterior tongue'' indicating that it solely arises in this specific area [6] .
Histopathologically, the tumor is unencapsulated but well-demarcated, with lesional cells proliferating in a lobular pattern and arranged in cords, strands, and sheets in a myxoid to chondromyxoid background. The cells are either round, oval, polygonal or spindled in morphology. They may have multilobulated nuclei and may occasionally show atypia [1] [2] [3] .
In this article, we will be presenting the demographic, clinicopathologic, and immunohistochemical features of this rare entity and a review of the literature.
Materials and Methods

Data Collection
After institutional review board approval, five ECT glass slides and paraffin blocks were retrieved from archives at the University of Pittsburgh Medical Center from 1996 to 2013. An additional two cases were received from external pathology laboratories as ten unstained slides, along with their pathology reports and microphotographs of stained tissue on one case. Morphological features such as cellular pleomorphism, growth pattern, background, muscle entrapment, calcifications, giant cells, lobularity and cellular morphology were evaluated. Clinical parameters (size, sex, location) were recorded when available.
Methods
Hematoxylin and eosin stained (H&E) slides from all cases were reviewed, as well as available immunohistochemical (IHC) stains. Additional IHC stains were performed on selected cases based on the available material. The antibodies, manufacturer, dilution, and retrieval methods are listed in Table 1 .
Results
The available clinical data are summarized in Table 2 . Preliminary data for this study was presented at the annual meeting of the American Academy of Oral and Maxillofacial Pathology [7] . The age of the affected patients ranged from 7 to 57 years, with a mean of 45.8 years. There was a slight male predominance with a ratio of 1.3:1. All tumors were located on the dorsal tongue. One case was on the posterior lateral tongue and three cases were on the right side of tongue. Three cases were described as asymptomatic. Tumor size ranged from 0.6 9 0.7 cm to 1.2 9 2.0 cm. The duration of tumors was only available on two cases and ranged from 6 months to several years. The clinical impression of one tumor was of a mucocele. Another case was described as exophytic with an ulcerated center, while a third case was described as yellow and rubbery. Histologically, the available differential diagnosis for three cases was myoepithelioma, nerve sheath myxoma, and cellular neurothekeoma.
Histopathologic and Immunohistological Features
The histological features are summarized in Table 3 and Fig. 1 . Each case was evaluated for the following features: general morphology, growth pattern, background, muscle entrapment, calcifications, giant cells, lobularity and cellular morphology. Histologically, six tumors exhibited a lobular proliferation of ovoid to round cells. There was no true fibrous capsule separating the tumor cells from normal tissue. The tumors demonstrated a net-like growth pattern with slit-like cystic spaces. Muscle entrapment was seen in four cases. However, there was no extensive invasion into the normal muscular and connective tissue. Fine calcifications were present in four cases, three of which contained multinucleated giant cells. At least focally, a myxoid background was present in all tumors, but four tumors lacked a chondroid component. All tumors were comprised of highly-cellular proliferations of small, round, oval, Tumor size range 0.6 9 0.7 cm to 1.2 9 2.0 cm
Tumor duration 6 months to several years Table 4 and Fig. 2 . The tumors were consistently positive for S-100 (7/7, 100 %), glial fibrillary acidic protein (GFAP) (6/7, 86 %), focally-to diffuselypositive for smooth muscle actin (SMA) (5/6, 83 %), smooth muscle myosin heavy chain (SMMHC) (3/3, 100 %) and desmin (1/4, 25 %), with rare cells positive for P63 (3/6, 50 %). The extracellular myxoid material was positive for mucicarmine (2/2, 100 %). Calponin showed rare weak positivity (1/5, 20 %). Some cases exhibited rare positivity for CD57 (4/5, 80 %), synaptophysin (1/5, 20 %), AE1/AE3 (1/4, 25 %) and focal positivity for CAM 5.2 (1/5, 20 %).
Discussion
Several hypotheses have been suggested for ECT histogenesis. Based on the tumor's immunohistochemical profile, histological presentation and location, it was thought to be derived from uncommitted ectomesenchymal cells that migrated from the neural crest, minor salivary gland, or from muscle fibers [1, [8] [9] [10] [11] . The anterior dorsal tongue lacks minor salivary gland tissue and is known to develop from neural crest mesenchyme of the first branchial arch. Therefore, it is favored that ECT originates from pluripotent stem cells of ectomesenchyme. This also may explain the tendency of this tumor to develop on this particular area of the oral cavity. Yoshioka et al. [12] found that ECTderived cells were morphologically similar to neuronal cells and might present characteristics similar to undifferentiated embryonic stem cells, with potential for multilineage differentiation. Although ECT has a distinct clinical location on the anterior tongue that might help in establishing the diagnosis, its histopathological features (myxoid and/or chondroid stroma, pleomorphism, nuclear inclusions, and amphophilic cytoplasm) can overlap with that seen in other soft tissue and minor salivary gland neoplasms. Clinically, ECT is relatively small, asymptomatic, well-demarcated, and has a history of long duration, suggesting a benign process and resembling other benign, indolent soft tissue tumors that may develop in the dorsal surface of tongue, such as peripheral nerve sheath tumors and granular cell tumor. Our study shows that ECTs arise in a wide age range (7-57 years) with a slight tendency to affect males; however, literature review shows no sex preference [3] . In our series, six out of seven tumors were located on the anterior dorsal tongue, which is consistent with previously reported cases. One case was located on the posterior tongue, to be added to three previously reported ECT cases of posterior tongue [8, 13, 14] . The single, well-documented case of ECT reported on the hard palate would argue against considering the dorsal tongue as an exclusive location for ECT [4] .
Microscopic examination of our seven cases shows features similar to what have been described in the literature (Table 5) [1, 2] . Circumscription, lobular growth pattern and slit-like spaces were the most distinct feature seen in this entity. Cystic areas with papillary projection might also be seen, as we observed this in one case. Features such as muscle entrapment and/or calcification are not present in all cases, and it is not clear whether they are related to size, duration, or behavior of the tumor. The tumor that was present for several years did not demonstrate calcification; however, calcification was seen in the The histology of the tumor cells is interesting, as they show some worrisome features, such as pleomorphism and nuclear atypia and might be confused with other malignant processes. However, the absence of mitotic figures and other criteria of malignancy such as invasiveness or perineural and/or angiolymphatic invasion supports the benign nature of this entity. All the cases showed varying degrees of myxoid differentiation, ranging from \5 % up to 40 % of the tumor. Three cases showed chondroid differentiation. As opposed to our series, the majority of ECTs published in the literature showed chondroid tissue stroma (42/48, 87 %) [10, [13] [14] [15] .
The immunohistochemical profile in our series is consistent with what has been described in the literature, showing diffuse and high reactivity to S-100, GFAP, and CD57, which suggest neural crest differentiation [2, 9] . However, synaptophysin, a neuroendocrine marker, was negative in most cases. While the majority of cases were positive for the smooth muscle markers SMA and SMMHC, staining pattern was variable and mostly focal. There was less reactivity for the skeletal muscle marker desmin, which stained only one case out of four. Cytokeratin antibodies showed low immunoreactivity with the lesional cells compared to what has been reported in the literature [1, 2] . Only one of our cases was focally positive for CAM 5.2 and AE1/3. Myoepithelial markers showed rare, weak positivity in a few cases, suggesting a nonsalivary gland origin.
The differential diagnosis of ECT includes myoepithelioma, oral focal mucinosis, soft tissue myxoma, ossifying fibromyxoid tumor, chondroid choristoma, nerve sheath myxoma, neurothekeoma, pleomorphic adenoma, and mucocele (Table 6 ).
In conclusion, the findings of those seven new cases support the typical features of the previously-described ectomesenchymal chondromyxoid tumors. Neural markers are more consistent for this entity compared with the variable results obtained for muscle, cytokeratin, and myoepithelial markers. The tumor can arise in the posterior tongue, although few cases are reported. In addition to its lobular growth pattern and myxoid stroma, calcification, multinucleated giant cells and muscle entrapment may be seen.
